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1 Introduction

In RAN#86 meeting, the working scope and major assumptions w.r.t the enhancement for NR NTN have been agreed [1]. Following are considered as additional enhancement for NTN once the necessity are identified:

In addition, the following topics should be specified if beneficial and needed.

· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].

· Feeder link switch [RAN2,RAN1]

· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]

· Including signalling of polarization mode

Moreover, the study on the feasibility of existing location service is also proposed.

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]

In this contribution, detailed analysis on these aspects are provided with corresponding enhancements.

2 Beam management

In NTN deployment, the coverage of a satellite BS is generally much larger than that of a typical NR terrestrial BS. The whole coverage of a BS is often implemented by multiple beams with the diameter of a single beam equaling to hundreds of kilometers [2] to serve the larger number of UEs. In case of the LEO scenarios with moving beam, due to the movement of the satellite along its orbit, the beams of a BS sweep across the covered area, which leads to the time-variant serving beam for UEs. More specifically, the typical commercial implementation for cross beam interference mitigation via resource reuse (e.g., frequency/polarization) also increases the complexity for beam monitoring at UE side. Therefore, mechanism to ensure the service should be considered. In general, to handle the mobility of NTN BS/UE (e.g., airplane), the approach to facilitate the intra-satellite beam switching is more preferred comparing to handover cross cells within one satellite due to the lower signal overhead and latency, especially in case of NTN with large RTT. 

Proposal 1: Promoting the discussion on beam management with high priority.  

2.1 Cell, beams and resource reuse schemes
As aforementioned, a satellite cell with multiple beams is preferred in NTN deployment from the viewpoint of signaling cost saving and for interference mitigation, two typical resource reuse schemes (as illustrated in Figure 1) are considered. In this way, in order to conduct the smooth beam switching within same cell, different requirements on the UE capability and configurations are needed. 

· Association among beam, SSB and BWP
W.r.t resource reuse scheme-A based on frequency only, association between BWP and beams can be taken as baseline to support corresponding requirements with consideration on following two aspects:

1. Allocation of SSBs:

In existing NR, the initial beam selection is mainly up to the SSB detection during the PRACH procedure. All SSBs of Pcell are transmitted in TDM manner over same frequency resource. In the NTN case, comparing to the FDMed allocated SSB, such mechanism can be still reused to reduce the complexity for beam sweeping and common signaling monitoring of each UE. 

2. Allocation of BWPs:

The allocation of BWP is mainly used to deliver the common and dedicated data channel. Following the logic as
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(a)   Resource reuse scheme-A: frequency only                (b) Resource reuse scheme-B: frequency and polarization
Figure 1 Illustration on the typical resource reuse scheme
NR, a common BWP0 (e.g., initial BWP in NR) can be still used to transmit time multiplexed SSBs including common channel, e.g., paging, PRACH. In addition, different dedicated BWPs can be mapped to each beam for corresponding data transmission/reception as illustrated in Figure 2. From implementation perspective, for each beam at BS side, simultaneous transmission/reception will be expected on up to two BWPs (i.e., BWP0 and BWPx) with same operation for frequency offset compensation. Comparing to the case that BWP0 (including SSBs and all common channel) are transmitted via one wider (umbrella) beam to serving all target region, same link budget/beam gain can be ensured for SSB/common channel and data part. Moreover, w.r.t the SI acquisition, the beam-specific configuration/updating will be easily applied with minimized impacts for the UE associated to other beams.
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Figure 2 Mapping among resource/SSB and BWPs

· Association with polarization

As the specific implementation for NTN, the polarization, e.g., LHCP and RHCP, is considered as a factor for interference mitigation due to large cross polarization loss. In this case, since such configuration will be variant per beam up to the network setting as the example illustrated in Figure 1 (b), indication of the polarization mode should be supported. Otherwise the link may be failed due to the mismatch of polarization at BS and UE side once the beam switching is applied.  

Meanwhile, additional requirements on the UE side to support multiple polarization or reporting its polarization capability is also critical. For example, in addition to the traditional liner polarization mode, support of the circular antenna is also recommended. More specifically, once the UE is able to adjust the polarization for both transmission and reception, the service from BS side cross different beams can be easily done via indication of corresponding polarization mode during the scheduling. Otherwise, the polarization of each beam will be adjusted in time-variant way for each UE to maintain the link.
Proposal 2: Resource reuse mode with/without polarization should be supported for the beam management enhancement. 
Proposal 3: Basic assumption on the UE capability w.r.t the polarization should be clarified.

2.2 Mechanism on the beam measurement
In existing NR, the beam management mainly refers to the training to obtain the best beam at BS and UE side. In NTN case, the same mechanism for beam selection at UE side can be directly reused. It means that after link establishment with one BS beam over one BWP, following the current configuration, a UE can optimize its Tx/Rx beam via measurement of the corresponding DL RSs, e.g., CSI-RS resource set configured with the higher layer parameter repetition set to 'on' .
However, w.r.t selection on the optimal beam of the serving BS, enhancements on the existing measurement based solution should be considered. For example, in traditional way, in order to conduct beam sweeping, measurement on corresponding resources are needed by a UE over same BWP. It means that in case of any resource allocation mode shown in Figure 1, in order to conduct the measurement, BWP switching from the serving BWP to initial one (e.g., from BWPx to BWP0) will be expected since cross BWPs measurement is not supported yet. For reducing the signaling overhead, group based triggering for BWP switching is more preferred to enable the UE measurement over BWP carrying DL signal (e.g., SSB) since same behavior may be expected for cluster allocated UEs within the coverage of one moving beam.
As another alternative, the measurement-less solution can also be considered to further reduce measurement complexity and signaling overhead. For example, to ease DL synchronization at UE side, the beam-specific frequency offset pre-compensation w.r.t the beam centers is carried out over BWP-0 per SSB as shown in Figure 3. According to the simulation assumption listed in Table 6.1.1.1-1 [2] for LEO-600, in case that the velocity direction is assumed to be vertical to the line connected beam center of beam 0/3/6. The pre-compensation value of beam 1/2/4/5 is illustrated in Figure 3 for Ka/S band, respectively. The beam-specific pre-compensation on frequency offset leads to subcarrier misalignment in TDMed SSBs. Therefore additional complexity to tune the frequency offset and polarization (up to the selection of resource reuse mode) is needed at the UE side during the measurement of SSB for beam selection. By assuming that the GNSS capability is available at UE side, the enhanced beam switching can be conducted directly by BS when a UE is approaching the beam edge, e.g., the UE-BS link and beam boresight exceeds certain threshold.  Moreover, the UE group-specific switching signaling from BS is preferred to reduce the signaling overhead.
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Figure 3 Exemplary for the beam-specific pre-compensation of Doppler shift

Proposal 4: Enhancement on the beam management, e.g., measurement-less and group switching, can be considered to improve the performance.
3 PRACH enhancement
According to the SI [2], for reusing the existing PRACH format/preamble in NTN case, pre-compensation should be assumed to overcome the large differential timing and frequency offset for the UEs within the coverage of same beam. In this way, additional UE capability and accurate acquisition of assistance information, e.g., UE/BS location, is needed. 

However, to ensure robust system performance with consideration on the different UE capability and other scenarios, e.g, indoor case, the enhancement on the PRACH format/preamble is needed. For example, in indoor case, due to the poor signal strength, accurate GNSS information may not be available at UE and additional limitation on the link budget of existing PRACH formats is also suffered. Therefore, the enhancement on PRACH formats need to be considered for flexible applications in different scenarios.
· PRACH transmission without accurate pre-compensation
Without assumption on the pre-compensation, following four possible options have been identified to enhance PRACH design in NTN SI: 

· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number

· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots

· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding
· Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence
In LEO and MEO scenarios, the satellite has high mobility with respect to UEs. To ensure the accuracy for TA estimation, the shorter processing time for PRACH is expected. Moreover, due to the limited capacity for communication, in case of gNB onboard, receiver with lower computational complexity is also preferred to reduce the cost and power consumption. However, according to the property of PN sequence, the receiver can detect the correlation peak only if the frequency offset is small comparing with the subcarrier space. For achieving it, in case of large frequency offset in NTN, the extensive frequency sweep over large range is needed and it will lead to high computational complexity. In addition, additional specific efforts is also needed for the use of PN sequence. Therefore, the PN sequence such as Gold sequence and m-sequence should be avoided in the PRACH design.

Proposal 5: The Option-3 and Option-4 may not be suitable in PRACH enhancement.
As mentioned in [3], the pre-compensated TA and Doppler may be inaccurate due to some reasons such as positioning error. When the positioning error is not large, the residual TA and Doppler may be only slightly larger than the capability of existing PRACH formats. Then the Option-1 is an appropriate solution since it only has little influence on specification and implementation.

In Option-2, two ZC sequences with different roots can estimate large differential Doppler with low complexity. This design utilizes the correlation property of ZC sequence under large frequency offset (FO). The BS can estimate the integral part of normalized FO (i.e., FO/SCS) based on the gap between the two peaks of the two sequences. This design has relatively small influence on specification. As shown in Figure 4, the two ZC sequences can be transmitted in two RACH occasions, respectively. Then the Option-2 is equivalent to the two times of transmitting of existing PRACH formats. The enhancement for PRACH can be viewed as a new configuration instead of new PRACH formats.
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Figure 4 Illustration of the mapping between two ZC preamble and two RACH occasions in Option-2

In this way, the BS is able to estimate large differential Doppler with a small SCS. We can assume the maximum FO is larger than the SCS. The normalized FO can be divided into an integral part and a fractional part. Since the maximum FO is larger than the SCS, there exist a probability that the fractional part is near 0.5. When it happens, the estimation error for frequency offset and time offset will be large. Then the UE will get a wrong TA indication in RAR. Appropriate root pairs will alleviate the estimation error for TO and FO. The design of the root pairs should be investigated.

Proposal 6: The Option-1 and Option-2 are suitable for PRACH enhancement.
Proposal 7: The design of the roots pairs for Option-2 should be further investigated.
· PRACH transmission with limited link budget

As identified in [2], with link budget based on the typical assumption for BS and UE, the current PRACH format/preamble is available to ensure the robust performance with miss detection rate equating to 1% for outdoor UE with LoS assumption. However, for serving the UE in indoor scenarios, further analysis may be needed and potential enhancement on the PRACH is expected with consideration on the additional loss. For example, with consideration on the carrier frequency, the elevation angle and building type, in case of typical type buildings, the CDF of O2I loss is shown in Figure 5.
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Figure 5 The CDF of O2I penetration loss for a traditional building.
According to methodology for link budget in [2], with consideration on O2I loss (e.g., mean value of CDF), the resulting CNR in UL is shown in Table 2. The O2I loss in Table 3 is regarded as the bound for which the loss of 50% of UEs won’t exceed. The required SNR for PRACH detection is already evaluated in [5] as shown in Table 3. Comparing to the minimal SNR requirement in Table 3, the gap for UL link budget for LEO-600 is in the range of [0.6888, -13.2425]. It’s obvious that for most of cases, current design is not available to support the target scenarios. Further analysis on this aspect is needed with corresponding assumption.

Table 2 The UL CNR with O2I loss in different scenarios 
	Case
	Satellite orbit
	Central beam elevation
	Frequency Band
	UL CNR without O2I Loss (dB)
	UL CNR with O2I Loss in traditional building (dB)

	6
	LEO-600
	90 deg
	Ka-band
	18.4
	-20.9112

	7
	LEO-600
	90 deg
	Ka-band
	23.1
	-16.2112

	8*
	LEO-600
	90 deg
	Ka-band
	21.4
	-17.9112

	9
	LEO-600
	90 deg
	S-band
	2.8
	-30.1425

	10
	LEO-600
	90 deg
	S-band
	2.8
	-30.1425

	11*
	LEO-1200
	90 deg
	Ka-band
	13.0
	-26.3112

	12*
	LEO-1200
	90 deg
	Ka-band
	17.8
	-21.5112

	13*
	LEO-1200
	90 deg
	Ka-band
	16.0
	-23.3112

	14
	LEO-1200
	90 deg
	S-band
	-2.6
	-35.5425

	15
	LEO-1200
	90 deg
	S-band
	-2.6
	-35.5425


Table 3 Required SNR at MDR of 1% w.r.t the number of repetition N in [5]
	Simulation case ID
	SCS 
(kHz)
	Required minimum SNR (dB)

	
	
	N1
	N2
	N3
	N4

	1
	30
	-9.9
	-12.8
	-14.5
	-16.9

	2
	15
	-9.1
	-11.7
	-13.2
	-15.5

	3
	15
	-9
	-11.9
	-13.6
	-15.7

	4
	240
	-9.5
	-12.4
	-14.3
	-16.4

	5
	120
	-8.7
	-11.4
	-13
	-15

	6
	120
	-8.7
	-11.6
	-13.1
	-15.4


Proposal 8: Enhancement on the PRACH formation to improve the link budget can be considered.

4 Positioning enhancement
As mentioned above, corresponding investigation on the positioning protocol (RAN2/3) is proposed in this WI. However, in order to have a well understanding of whole issue, use case and motivation for such bullet should be clarified firstly. For example, if the main consideration is just to enable the UE positioning report, which is obtained according to the GNSS, no RAN1 impact can be foreseen and current high layer protocol is applicable. However, if the network based positioning method is preferred in order to avoid the potential fake GNSS report, the existing physical layer design is not applicable with consideration mobility of satellite and various constellation design.  
Proposal 9: Clarification on the use case and motivation on WI scope w.r.t positioning is needed to identify the potential RAN1 impacts.

5 Conclusions

In this contribution, discussion on the beam management and PRACH are conducted with consideration on the typical implementation in NTN. Necessity and benefits have been identified with following proposals:
Proposal 1: Promoting the discussion on beam management with high priority.  

Proposal 2: Resource reuse mode with/without polarization should be supported for the beam management enhancement. 
Proposal 3: Basic assumption on the UE capability w.r.t the polarization should be clarified.

Proposal 4: Enhancement on the beam management, e.g., measurement-less and group switching, can be considered to improve the performance.
Proposal 5: The Option-3 and Option-4 may not be suitable in PRACH enhancement.
Proposal 6: The Option-1 and Option-2 are suitable for PRACH enhancement.
Proposal 7: The design of the roots pairs for Option-2 should be further investigated.

Proposal 8: Enhancement on the PRACH formation to improve the link budget can be considered.

Proposal 9: Clarification on the use case and motivation on WI scope w.r.t positioning is needed to identify the potential RAN1 impacts.
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